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ABSTRACT 
The knowledge of static and dynamic characteristics of journal bearings is 
crucial for the accurate detennination of the critical speed of a shaft and also for 
studying the stability of the rotating shaft against self-excited vibrations. These 
characteristics are detennined from the solutions of Reynolds equation numerically 
using finite difference methods with successive over relaxation technique (SOR). In 
order to implement SOR effectively, the optimum value for over relaxation factor Q had 
to be found first. In this thesis, the exact value of Q was calculated by using a fornmla 
proposed by G.D. Smith. Khonsari and Booser (K&B) found the value of Q, by trial 
and error which is not exact and time consuming. While Orcutt and Arwas (O&A) used 
Gauss-Seidel technique which has a much slower convergence rate compared to SOR, 
also they used two convergence limits which had to be satisfied before tenninations of 
the iteration procedure. This thesis is intended to improve both works by calculating the 
exact value for Q and employed the SOR technique using only one convergence limit. 
The dynamic coefficients were then used as an input data for studying the stability 
characteristics of the rotor-bearing system and the threshold of instability were also plot. 
The computer program was written using FORTRAN 95 programming language and run 
in the Microsoft Developer Studio environment. Method in this thesis shows that the 
time taken for a complete solution for the steady state and dynamic characteristics of a 
cylindrical bore bearing were greatly shortened in tenns of number of iterations (about 
90%) and the automatic calculation of Q. The accuracy of the results were good with 
less than 10% in difference when compared to results from both K&B and O&A. It is 
then concluded that the finite difference method and successive over relaxation 
technique used in this thesis can predict accurately and effectively the static and 
dynamic characteristics of a cylindrical bore bearing. 
\'} 
ABSTRAK 
Pengetahuan mengenai ciri-ciri statik dan dinamik galasjumal adalah pcnting 
untuk penentuan secara tepat halaju kritikal bagi suatu galas dan juga untuk mcngkaj i 
kestabilan galas yang berpusing terhadap getaran. Ciri-ciri ini ditentukan melalui 
penyelesaian berangka persamaan Reynolds menggunakan kaedah beza terhingga serta 
teknik santaian secara berturutan (SOR). Untuk menggunakan SOR secara cfektif. nilai 
optimum faktor santaian Q harus dicari terlebih dahulu. Dalam tesis ini nilai Q dicari 
menggunakan formula yang diperkenalkan oleh G.D. Smith. Khonsari dan Booser 
(K&B) mencari nilai Q dengan kaedah cuba jaya yang memakan masa dan tidak tepa!. 
Orcutt dan Arwas pula menggunakan teknik Gauss-Seidel yang mempunyai kadar 
penumpuan yang jauh lebih perlahan berbanding SOR, juga dua had penumpuan 
terpaksa dipenuhi sebelum prosedur lelaran ditamatkan. Tesis ini bertujuan untuk 
memperbaiki kedua-dua kerja tersebut dengan mengira nilai Q yang tcpat dan 
menggunakan teknik SOR dengan hanya satu had penumpuan diperlukan. Pemalar-
pemalar dinamik yang diperolehi digunakan sebagai data input untuk mengkaji 
kestabilan sistem rotor-galas dan juga memplotkan kemasukan ketidakstabilan. Program 
komputer ditulis menggunakan bahasa pengaturcaraan FORTRAN 95 dan dilarikan di 
dalam persekitaran Microsoft Developer Studio. Kaedah di dalam tesis ini mcnunjukkan 
masa yang diambil untuk penyelesaian penuh ciri-ciri statik dan dinamik suatu galas 
bergerek silinder dapat dikurangkan dengan ketara dari segi bilangan lelaran (kira-kira 
90%) dan pengiraan Q secara automatik. Ketepatan keputusan adalah baik dcngan 
kurang dari 10% perbezaan apabila dibandingkan dengan kcdua-dua keputusan K&B 
dan O&A. Maka dapat disimpulkan bahawa kaedah unsur tcrhingga dan tcknik santaian 
secara berturutan yang digunakan di dalam tesis ini dapat mengagak dcngan tcpat dan 
berkesan ciri-ciri statik dan dinamik suatu galas bergerek silinder. 
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CHAPTER I 
INTRODUCTION 
In this chapter, the motivation of the research described in this thesis will be 
summarized and a brief survey of some literature on journal bearings and rotordynamics 
wiII be given. The objectives will be presented and an overview will explain the 
organization of the rest of the thesis. 
1.1 Introduction 
If two bodies are in contact and in relative motion to each other, a tangential 
force, the force of sliding friction, results on the surfaces of contact. These surfaces will 
wear out rapidly which is the major cause of material wastage, loss of mechanical 
performance of machine elements and shortened the life of the machines used. 
Reduction in wear can be achieved by improving friction control and any reduction in 
wear can result in considerable savings. Lubrication is an effective means of controlling 
wear and reducing friction, and it has wide applications in the operation of machine 
element such as bearings. 
2 
Bearings are representative mechanical elements used in many classes of rotatin1! 
machinery. They are classified into rolling element bearings and plain bearings. 
depending on whether they are in rolling contact or in sliding contact. A sliding bearing 
typically uses a lubricant to reduced friction between the sliding surfaces. A shaft and 
bushing bearing are known as ajournal bearing. Cylindrical bore bearing is a journal 
bearing with plain cylindrical sleeve (bushing) wrapped around the journal (shaft). The 
journal is rotating inside the bore of the sleeve with a thin clearance. In journal 
bearings, the bearing surfaces are parallel to the axis of rotation. 
The journal and bearing surfaces are separated by a film of lubricant that is 
supplied to the clearance space between the surfaces through a hole or a groove. When 
there is a continuous fluid film separating the surfaces we speak of fluid film lubrication. 
When the journal bearing begin rotating there is very little lubricant between the bearing 
and shaft at some contact point and rubbing occurs. After the bearing has reached 
sufficient speed, the lubricants begins to wedge into the contact area and the relative 
motion of the surfaces causes the fluid pressure to support the load without metal to 
metal contact. This lubrication phenomenon is known as hydrodynamic lubrication. 
The understanding of hydrodynamic lubrication began with the classical 
experiments of Beauchamp Tower in 1883 in which the existence of a film was dctected 
from measurements of pressure within the lubricant, and ofNikilay Petroff in 1883 who 
reached the same conclusion from friction measurements (Hamrock, 1994). Tower's 
works was closely followed by Osborne Reynolds celebrated analytical papcr in 1886 in 
which he used a reduced form of the Navier-Stokes equations in association with the 
continuity equation to generate a second-order differential equation for the pressure in 
the narrow converging gap between bearing surfaces. He derived and published not 
only the descriptive differential equation that today bears his name but also certain 
solutions to this equation that agree well with the experimental measurements ofTowcr 
(Gross, et aI., 1980). Since then Reynolds equation has become the foundation of 
hydrodynamic analysis of bearing performance. 
